In recent reports ultrastructural changes in neoplasia of Nicotiana as induced after tobacco tumor virus (TTV) infection have been described (Gliem et al. 1976, Gliem and Nienhaus 1978) . In this paper the occurrence of inclusions present within the thylakoid membrane during the chloroplast development in both trans formed and uninfected cells is compared.
Membrane-bound inclusions have been reported present in healthy tobacco plants or tissue transformed by either Agrobacterium infection or genetical incom patibility (Hohi 1961 , Jensen and Valdovinos 1967 , Stetler and Laetsch 1969 , Boasson et al. 1972 , Henry 1975 . The occurrence and distribution of these thylakoid in clusions, together with the different terminology used for these inclusions, has been reviewed by Ames and Pivorun (1974) . In the following study these structures will be cited as intrathylakoidal inclusions. 
Results
Early proplastid stages in tumor cells from plants 16 days after infection show partially swollen thylakoids. The membranes exhibited vesicle-like lamellae (Fig. 1) . In later stages of proplastid development an increased amount of dilated inner plastid membranes were found, showing a translucent contents with some fibrillar material (Fig. 2) . These dilations were less frequently detected in un infected controls. With further plastid development thylakoids showing a con tents with an enhanced electron density were noticed (Fig. 3 ). Younger stages of chloroplast development are characterized by the pre sence of stroma lamellae and a poorly expressed grana formation. Thylakoid dila tions with a more homogeneous contents and an increased electron density were observed (Fig. 4) . Inclusions of this appearence prevailed in 5 day-old tumors (19 days after infection). Highest frequencies of intrathylakoidal inclusions were observed in the subsequent stage of plastid development. Up to 5 inclusions per thin-sectioned organelle were present in these chloroplasts showing relatively poor developed grana stacks (Fig. 5) . In older tumors (age 8 days) no significant changes in the distribution and ultrastructure of the intrathylakoidal inclusions were noticed (Fig. 6) . It seems that no further increase in the formation of thylakoids takes place. Thus, the grana formation of plastids in tumor tissue appears to be inhibited at this stage of plastid development. This is in contrast to healthy plants, where grana formation continued (cf. Fig. 8 ).
Older stages of chloroplast development in tumor tissue can be characterized by an accumulation of starch. Figure 7 shows plastids of an 12 day-old tumor. The frequency of the intrathylakoidal inclusions in this developmental stage was found to be reduced. Electron dense structures observed in the stroma of different stages of plastid development are iron and phosphorus containing inclusions as an alysed previously by X-ray microanalysis techniques (Sprey et al. 1976 (Sprey et al. , 1978 (Sprey et al. , 1979 .
Intrathylakoidal inclusions were detected in plastids of the postapical region and in up to 0.5cm leaflets from uninfected controls as well. Differences in the arrangement of intrathylakoidal inclusions were found, however, when compared with plastid development in transformed tissue. In chloroplasts with completely stacked grana of fully developed leaves intrathylakoidal inclusions were scarcely observed. They were present in senescent plastid stages with a reduced amount of thylakoids. Figure 8 represents a scheme of changes in thylakoids and stroma components for single steps of plastid development in healthy and transformed cells of Nicotiana based on the electron microscopic observations of about 500 negatives.
The appearance of the internal material of the intrathylakoidal inclusions changed depending on the plastid stages. Proplastids can either contain vesicles filled with or devoid of any material.
In TTV-infected cells the inclusions showed a rather homogeneously distri buted contents (Fig. 9 a-c) . With an increasing amount of thylakoids less densely packed inner material was noticed. Figure 9 d-f shows intrathylakoidal inclusions with loosely aggregated material. The formation of dense aggregates within the intrathylakoidal inclusions was followed by the appearance of electron dense clusters (Fig. 9 f-i) . At the periphery of the intrathylakoidal inclusions from older stages formation of membrane-like structures was observed (Fig. 9 f-h Besides the gap of information about the function of these inclusions, their mode of formation in proplastids and young chloroplasts is unknown. As intra thylakoidal inclusions were observed in proplastids devoid of what is interpreted as thylakoids, it can be argued that their formation is independent of thylakoid formation.
Moreover, it is unknown to what extent the content of the intra thylakoidal inclusions can be synthesized in the plastid stroma and how it is trans ported across the lamellae. Since the presence of the intrathylakoidal inclusions seems to be restricted to plastids of only some higher plant species (Ames and Pivorun 1974, Casadora and Rascio 1978) care should be taken generalizing the existence of the intrathylakoidal inclusions as a prerequisite for plastid develop ment. It is recognized that the generally accepted mode of plastid development (Muhlethaler and Frey-Wyssling 1959, Gunning and Jagoe 1967) is valid without the existence of the intrathylakoidal inclusions.
Chloroplasts from tumor tissue showed an increase in the number of intra thylakoidal inclusions when compared with uninfected plants. It is likely that this phenomenon is due to a possible blockage of plastid development after trans formation.
As chloroplasts in infected tissue never reached stages with fully developed grana thylakoids (Gliem and Nienhaus 1978) it is assumed that the inhi bition of a normal thylakoid development is indicated by the increased amount of intrathylakoidal inclusions.
X-ray microanalysis of iron and phosphorus containing stroma inclusions (Sprey et al. 1976 (Sprey et al. , 1977 (Sprey et al. , 1978 from infected and healthy plants gives additional evidence for the idea of an inhibited chloroplast development caused by trans formation. In chloroplasts from tumor tissue atomic ratios and absolute weight percentages of both elements were found to be reduced (Sprey et al. 1976) . The composition of the intrathylakoidal inclusions in plastids from infected plants corresponds to those present in young chloroplasts of uninfected controls. There fore evidence is given that the infection inhibits normal chloroplast development resulting in chloroplasts with a poorly expressed grana system and an increased amount of intrathylakoidal inclusions. It is assumed that this phenomenon of an inhibited plastid development is not directly caused by the virus infection but is evoked by cell neoplasia.
plasts in tumor cells contain intrathylakoidal inclusions. In contrast to controls the plastid development is delayed in young chloroplast stages. These are charac terized by a poorly developed grana system and the formation of large starch ag gregations. The ultrastructural changes in the intrathylakoidal inclusions were studied at the different stages of plastid development. Their possible functional role during plastid ontogeny is discussed. 
